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Up spin 

Down spin 

Mezei Polarizing Cavity 



Talk Outline 
1)  Current Polarizing InstrumentaBon on NG3‐30m‐SANS 

2)  SANS Polarizing InstrumentaBon at HZB (Berlin) and PSI 

3)  He(3) Cell performance as a Polarizer or Analyzer  

4)  Possible improvements to performance on NG7‐30m‐SANS 

a.  Double coated mirrors for cavity 

b.  Relocate to increase source to sample distance  lower Qmin 

c.  Replace precession coil flipper with RF flipper 

d.  Expand sample area (room for insitu He(3) analyzer) 

5)  StaBsBcal OpBmizaBon of Cavity and Analyzer PolarizaBons 

a.  RaBo of non‐spin‐flip to spin‐flip ( 1, 10, and 100 ) 
b.  Improve Cavity PolarizaBon ( P = 0.9, 0.99 and 0.999 ) 

c.  Improve He(3) Analyzer PolarizaBon Phe= 60%, 75%, 90%, + 95% 

6)  Summary 



Problems with current Polarizer system design: 

1)  Fixed (short) source to sample distance 

2)  Inferior 1.2 m long  cavity design (P = 94%) 

a)  Inside coaBng only: 2 mm gap 

b)  Small (40 mm x 50 mm) 

c)  Thick (1 mm) Si substrate 

3)  Low efficiency precession spin flipper (P=95%) 



Up spin 

Down spin 

Mezei Polarizing Cavity 

Poten#al changes for NG7 loca#on: 
1)  Increase length from 1.2 m to 1.5 m ( 40 mm to 50 mm width) 
2)  Super mirror both sides of substrate ( eliminates 2 mm gap) 
3)  Thinner Si substrate (0.5 mm versus 1.0 mm) 
4)  Move from 7th to 2nd box, 7.5 m farther from sample. 
5)  Extras: External magneBc guide field, RF flipper. 

 α = 16.8 mRad

m(up) = 3
m(down) = 0.5

Guide size 
40 mm x 
50 mm 

NG3‐SANS 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Keller et al, (2000) Nuc. Instr. Methods, A451, 474‐479 

< 1 % DepolarizaBon per verBcal  
ReflecBon from Nickel Coated guides 
With 10 Gauss guide field 



Aswal et al, (2008) Nucl. Instr. Methods, A586, 86‐89.   



Keller et al, (2000) Nuc. Instr. Methods, A451, 474‐479 

> 93 % Polariza#on 



Aswal et al, (2008) Nucl. Instr. Methods, A586, 86‐89.   



Keller et al, (2000) Nuc. Instr. Methods, A451, 474‐479 

P > 99.9 % 



Aswal et al, (2008) Nucl. Instr. Methods, A586, 86‐89.   



Boni et al, (2009) Physica B, 404, 2620‐2623.  



Boni et al, (2009) Physica B, 404, 2620‐2623. 

High Performance  
Double “V” Cavity 



Double Cavity Performance:   Boni et al, (2009) Physica B, 404, 2620‐2623. 



3He Neutron Spin Filters 

Conceptual design 

3He 

MagneBcally shielded solenoid 
laser  laser 

neutron  neutron 

Si‐mirror Si‐mirror 

Oven with Sapphire windows 

Laser shielding with Si‐windows 

B 

~25” x 18” x 25” 

{ Wangchun Chen, 2009 }   



3He Neutron Spin Filters 

Item Description Cost/each, $ # Total, $ 

cell 12 cm ID, 7 cm long, including 3He gas, Rb/K 5,000 2 10,000 

Holding field Magnetically shielded solenoid, power supply 8,000 1 8,000 

Oven and 
temp. controller 

Home-made non-magnetic oven, heating 
elements, temp. controller 

6,000 1 6,000 

Laser and 
optics 

100 W diode bar + laser driver + optics 
High pressure chiller 

11,000 
7,000 

2 
1 

22,000 
7,000 

Laser misc. Power meter, laser safety goggles 3,000 1 3,000 

Spectrum 
analyzer 

5,000 1 5,000 

NMR hardware Lock-in, function generators, RF amplifier 12,000 1 12,000 

Data 
acquisition 

DAQ, BNC connector, GPIP, computer 4,000 1 4,000 

Laser shielding 2,000 1 2,000 

Misc. Silicon window, sapphire window, etc 8,000 1 8,000 

87,000 

{ Wangchun Chen, 2009 }   



NG‐7 30‐m SANS detector 
vessel shimed 30 cm East from 

present locaBon 

VSANS detector 
vessel; 22 m long 

To offset detector tank, need to remake sample chamber and end plate 
For new beam center posi#on. 



44” Remove sample Chamber ?? 

Remove 
Steel 

Components 



1.5 m travel 

Sample table 

vSANS sample area: up to 2 m long…  Could copy sample table for NG7 



EnBre pre‐sample vessel is in a magneBc guide field constructed with 
permanent magnets and som iron top and boqom plates 

Low carbon steel plate 

NdFeB permanent 
magnets 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Loss 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He(3) Cell for beam PolarizaBon ?? 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Need Insitu He(3) cell to maintain high flipping ra#os! 



Insitu He(3) Cell for Polarizer: 

Pros: 

1)  Cheaper… (w/o guide field and RF flipper). 
2)  No guide field eases opBcs maintenance. 

3)  Easy to adjust polarizaBon: just change opacity. 
4)  Can share system with other instruments. 

Cons: 

1  Expensive (labor, parts) to maintain operaBon  

 (lasers, furnace, cooling system, etc.). 

2)  P sensiBve to fringe magneBc field from sample environment. 

3)  Factor of 2 to 4 reducBon in beam intensity. 

4)  Requires 0.6 m or more of addiBonal sample space. 





Simplifying AssumpBons: 
1)  spin‐flip xsecBons are equal: 
2)  Non‐spin‐flip xsecBons are equal: 
3)  Flipper efficiency is 100%  ( use RF flipper ) 

Changes in notaBon: 
Cavity PolarizaBon: S = PSM    (includes any sample depolarizaBon) 
Analyzer PolarizaBon: 

Normalize Scaqering Intensity Measurements by Analyzer transmission 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Minimize error in spin flip xsec#on: op#mize S, A, opacity and coun#ng #mes: 

Total counBng Bme: ttot = toff,Rev + toff,Norm 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For K=1, Cavity Polariza#on S = 90 % is adequate 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For K=10, Cavity Polariza#on S = 90 % 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s#ll adequate!! 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For K=100, Cavity Polariza#on S = 99 % reduces coun#ng #me by factor of three. 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Summary: 
General 
1)  For P = 98% use single V cavity; for P = 99.9 % use double V cavity. 
2)  For He(3) analyzer, need to vary opacity:  1.3 ≤ τ ≤ 4.0. 

Changes to NG7 SANS: 
1) New single V cavity P=98%, m=3 supermirror, 1.5 m long, 50 mm x 50 mm. 
2) Add magneBc guide field to outside vacuum vessel (boxes). 
3) Use > 99.9% efficiency radio frequency (RF) flipper. 
4) Remove sample chamber and steel components from sample area. 
5) Insitu He(3) analyzer. 

Design for NG6 vSANS: 
1) Double V cavity P=99.9 %, m=3 supermirror, 3 m long, 60 mm x 150 mm. ($145k) 
2) Non magneBc Nickel (doped with Mo) guides. 
3) MagneBc guide field to outside vacuum vessel (boxes). 
4) Use > 99.9% efficiency radio frequency (RF) flipper. 
5) Large (2 m) sample area. 
6) Insitu He(3) analyzer.  


